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Abstract 
A study of persistent photoconductance has been investigated in a graphene ceramic. Graphene ceramic has been produced by 
using hot isostatic pressing of few-layer thick graphene nanoplatelets. The influence of laser beam power and wavelength was 
analyzed. A linear power dependence of photoconductance yield was observed as high as 129,5% for 1500 mW 975 nm irradiation. 
The photocurrent changes were attributed to the photo-induced bolometric effect.  
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1. Introduction 
Graphene exhibits unique electronic and optical properties [1,2], making it an interesting candidate for numerous 
optoelectronic applications [3-5]. As a 2D monolayer of hexagonally arranged carbon atoms it behaves as a zero-gap 
semiconductor with charge carriers described by massless Dirac equation [6]. Chemical modification [7] and 
introduction of multi-layered structure [8] allows for further tuning of its capabilities, such as introduction of an energy 
gap or asymmetry in the electron-hole mobility. 
Photoconductance is a phenomenon in which electrical conductivity of a material changes as a consequence of light 
absorption, which leads to generation of mobile charge carriers within. If the photoconductive behavior is prolonged 
in time, a persistent photoconductance (PPC) [9] can be spoken of. Both positive and negative photoconductive effects 
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can be spoken of, as light excitation in different conditions and structures can either increase or decrease the 
conductance of the material.  
PPC was observed in single- and few-layered graphene [10,11], yielding promising results. Manufacturing price of 
monolayer pure CVD graphene, however, is a serious issue for its potential applications. This factor is especially 
critical in the field of photovoltaics, where the relation between cost and efficiency determines  whether a given 
technology will ever be implemented or rejected completely. 
A graphene ceramic is proposed as a candidate for cost-effective optoelectronics. Composed of sintered graphene 
nanoplatelets (GNPs, as shown in Figure 1a), its internal structure is far more complex than that of monolayer 
graphene, what allows for observation of various photoelectric effects associated with structural defects. The 
nanoplatelets are composed of a few (up to five in case of higher quality GNPs, as used in the experiment) graphene 
layers, are several nanometers thick and have a large surface area of hundreds of square millimeters per gram. Primarily 
used as an additive in powder form used to increase electrical and/or thermal conductivity in composite materials with 
polymers [12], in this study the GNPs are the sole component of the material used in the photoconductance 
measurement. 
Fig. 1. (a) TEM image of graphene nanoplatelets (b) Photoconductance measurement setup in a four-terminal sensing configuration 
2. Materials and methods 
Graphene ceramics were prepared by using hot isostatic pressing of few-layer thick graphene nanoplatelets in 
powder form. The sintering was performed under the pressure of 8 GPa at 773K. The resulting material is a solid black 
cylindrical tablet, which is then polished and cut into desired dimensions. Due to the nature of the process, it is believed 
that the resulting ceramic is porous to a significant degree [13], a fact that should not be overlooked when interpreting 
the results and suggesting different phenomena possibly occurring within the photoconducting sample. 
For the conductance measurement, a 4-wire setup (Figure 1b) was used for obtaining accurate resistance 
characterization of the highly conductive sample. Four golden wires were attached to the surface of the graphene 
ceramic, with the outer leads serving as the force electrodes and the inner ones used as sense probes. The sample was 
then illuminated with focused laser light, allowing for observation of irradiation-related resistance fluctuations. The 
power source current applied in the measurement was 10 mA. The experiment was carried out in ambient air. 
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Fig. 2. Photoresistance as a function of time, observed under 975 nm laser excitation in various power regimes 
3. Results 
The dark resistance (R0) was measured in 400 seconds after that the graphene ceramic was excited by 975 nm 
coherent light for 10 minutes. The light source was then turned off allowing for observation of relaxation at dark 
conditions for another 400 seconds (Figure 2). The procedure was repeated for different power settings of the infra-
red light source. The dark current was measured around 8,7 mΩ and remained constant throughout the experiment. 
After turning on the laser, a sharp drop in resistance was observed. The resistance decreased exponentially and 
stabilized after nearly 100 seconds of illumination, remaining roughly on a constant level until the light was switched 
off. This threshold resistance value was  used to calculate the photoconductance yield defined as GPC = (G-G0)/G0, 
where G = 1/R, a factor describing the magnitude of observed photoconductivity. Turning off the light source results 
in an exponential increase of resistance, ultimately saturating on the initial level of R0, meaning that the process is 
reversible and repeatable. A power dependence  study shows a linear behavior of the GPC as a function of power 
(Figure 3a) with high yields close to 129,5% for 1500 mW illumination. For investigation of spectral dependence, a 
405 nm laser was used in the fixed 300 mW power regime (Figure 3b). Interestingly, the photoresistance saturated at 
the same threshold as for the 975 nm light, with only significant difference being a shorter time constant of the 
exponential decay. While a more detailed spectral analysis would be required for full confirmation, it already hints 
that the graphene ceramic might have a very broad and nearly uniform absorption spectrum in the visible range.  
Fig. 3. (a) GPC  as a linear function of laser beam power (b) Comparison of 405 nm and 975 nm wavelength excitation 
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There are numerous physical phenomena possibly occurring within the graphene. The first could be the photo-
induced bolometric effect [14] in which mobile charge carriers are generated with increasing temperature of the 
material, with heating caused by absorption of light. Assuming that the obtained ceramic is a semiconductor, the 
electrical conductivity increases with temperature, allowing for observation of a positive PC effect as measured. While 
initial tests show that the sample indeed does heat up during the experiment, stating a certain conductivity type is 
difficult to determine in the case of graphene ceramics. It is believed that the material consists mainly of few-layered 
semiconducting graphene flakes. However a presence of other carbon-based nanostructures exhibiting metal 
conductivity cannot be excluded due to the manufacturing process involving high pressure and temperature. The final 
effect should be then considered as a sum of two competing factors. Furthermore, the porous structure achieved in the 
sintering process results in a larger overall surface for ambient gases to adsorb, thus increasing the magnitude of 
surface-related effects.  Both positive and negative PC were previously attributed to surface adsorbate  (mainly oxygen 
and hydroxyl groups) related impurities in graphene [15]. Repeating the measurement in vacuum would allow to 
estimate the contribution of  this mechanism towards the overall observed photoconductance. Another important 
property of the graphene ceramic stemming from its production process is a relatively high amount of structural defects 
which can also act as scattering and recombination centers. While the exact nature of the numerous photoelectric 
processes and their share in the total photoconductance of the sample is difficult to determine due to the complex 
internal structure of the material, it is safe to assume that the observed effect is of  magnitude high enough to consider 
application and further investigation. 
4. Conclusions 
The positive persistent photoconductance of significant magnitude is observed in graphene ceramics, paving the 
way for numerous applications in the field of optoelectronics, mainly in photovoltaics. The process is fully reversible 
and repeatable. The photoconductance yield GPC exhibits the linear power dependence, with conductance rising more 
than twofold under 1.5 W of 975 nm illumination. Illuminating the sample with light of different wavelengths (405 
nm and 975 nm) results in photoconductance change of the same magnitude, albeit with varying time constants. While 
the total photoconductive effect is positive as observed, further investigation must be performed in order to properly 
analyze the contribution of coexistent phenomena in the material occurring during illumination. It is believed that the 
photoresistance change can be attributed to a bolometric effect induced by light absorption and photoconductivity 
related to structural defects and impurities adsorbed on the surface. A fuller understanding of photoconductive 
mechanisms within the graphene ceramics, primarily the extent to which they contribute to the total measured PC and 
in which way do they affect the  final result, would allow for better control over the process and could lead to even 
higher photoconductance yield in the material. 
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